Introduction: Concerns about radiation dose in computed tomography (CT) imaging have renewed interest in iterative recon-
Introduction
Rhinosinusitis has a tremendous worldwide burden and is estimated to affect 16% of the US adult population annually (1) . Additionally, quality of life studies have demonstrated patients with rhinosinusitis have a worse quality of life than patients with heart failure, chronic obstructive pulmonary disorder or Parkinson's disease (2) . While the underlying pathophysiology is complex, rhinosinusitis involves an imbalance of the immune system, sinonasal microbiome, and mucociliary clearance (3) . Rhinosinutitis in adults is defined as inflammation of the nose and paranasal sinuses associated with symptoms such as nasal obstruction or nasal drainage and either endoscopic evidence of disease or computed tomography (CT) demonstrating mucosal changes (4) .
When assessing the benefits of a CT scan for evaluation of sino-coronal images reconstructed using a bone (H70h) kernel. These scans were then independently reviewed in a randomized and blinded fashion by 3 rhinologists (BAS, CES, and SWM) and 2 neuroradiologists (BYH and BWM).
Using a 5-point Likert scale (Table 1) , visualization of 16 anatomical landmarks as well as overall image quality were graded ( Table 2 ). The scale utilized was as follows: 1 = structure is exceptionally well visualized, 2 = structure is easily visualized, 3 = structure is indeterminate, 4 = structure is poorly visualized, 5 = structure is not able to be visualized. Landmarks included the maxillary sinuses, ostio-meatal complexes (OMC), frontal sinuses, frontal recesses, anterior ethmoid sinuses, posterior ethmoid sinuses, spheno-ethmoidal recess/sphenoid ostia, sphenoid sinuses/inter-sinus septum, cribriform plates, lamina papyraceas, optic nerves, internal carotid arteries, extra-ocular muscles, orbital globes, anterior ethmoidal arteries, and posterior ethmoidal arteries. Each rater determined an "overall quality nasal disease, the inherent risk of associated radiation exposure must be considered. While side effects of radiation exposure are difficult to completely characterize and quantify, physicians and patients should be cognizant of increased risk of cataracts and malignancies with radiation exposure (5) (6) (7) . The potential adverse effects from CT scans are especially concerning for pediatric patients and patients with chronic diseases that may require serial CT scans throughout their life.
After the atomic era during World War II, the Nuclear Regulatory Commission adopted stringent safeguards to protect civilians and nuclear workers. This led to the implementation of the ALARA (As Low as Reasonably Achievable) safety protocol for radiation exposure, which included medical diagnostic imaging.
The goal of the ALARA protocol is to obtain CT scans with the lowest possible kilovoltage (kV) and milliamps (mA) that are necessary for appropriate and adequate evaluation. Iterative Reconstruction (IR) is a reconstruction algorithm that has been proposed as a solution to increase the relative clarity of CT scans, and furthermore allow the kV and mA to be subsequently reduced (8) . Various proprietary iterative reconstructions are available and come packaged with the acquisition devices.
Sinogram Affirmed Iterative Reconstruction (SAFIRE) is an IR protocol developed by Siemens (Siemens Medical Solutions, Erlangen, Germany), GE Healthcare, Philips, and Toshiba also have similar proprietary software. In general, in IR software, the user determines the iteration strength and overall amount of noise reduction. IR has the potential to produce low noise images with less radiation than traditional filtered back projection (FBP) reconstructed images. These benefits have been demonstrated in gelatin filled skulls (9) but not in actual skulls with human tissue.
Our use of cadaver heads, allowed control of kV, mA and IR setting without concern of radiation exposure and then by using blinded reviewers we were able to assess the image clarity with regards to specific structures as well as overall image suability for surgery. Each image set included 0.75 mm axial images reconstructed using a soft tissue (H40s) kernel and 2 mm axial, sagittal, and evaluators, we calculated an interclass correlation coefficient (10) .
Materials and methods

Results
The interclass correlation coefficient was calculated across all structures to be 0.56, indicating our instrument has "fair" agreement between evaluators.10
The radiation dose in mSv for each of the 5 cadaver heads was calculated at each kV and mAs setting using a factor of 0.0021 mSv mGy −1 cm −1 (11) . As IR algorithms are mathematical refinements, they do not affect the kV, mAs or mSv of a given scan. As dose of radiation increased, the average of all scores decreased, as did the overall image quality as determined by the evaluators.
The average score of the scan improved from 3.04 at 0.07224 mSv (100 kV, 30 mA) to 2.00 at 0.48594 mSv (120 kV, 120 mA).
The "overall image quality" score improved from 2.5929 at 0.07224 mSv (100 kV, 30 mA) to 1.8847 at 0.48594 mSv (120 kV, 120 mA; Figure 1 ).
We used linear regression to calculate the slope for the change in average score as radiation dose increased. sinonasal tumors (12) . Additionally, physicians' use CT scans to provide additional information regarding disease severity and treatment response when endoscopic appearances do not appropriately correlate with perceived disease severity. The CT scan has wide utility; however, as clinicians we have a responsibility to minimize the potential harm from radiation exposure. A study varying kV and mA over a wide degree would be unethical in humans because of the radiation exposure; however, using human cadaver heads allowed us to vary these levels without concern. Since we used a clinical CT scanner and the electrons passed through human bone and soft tissue, we expect our results would be representative of imaging performed in living patients. While increasing doses of radiation increased the quality of CT scans (Figures 1-3 putational time for less radiation exposure while maintaining image quality for surgery. We did not observe this and it was noted that multiple rounds of iterative reconstruction produced no improvement in scan quality when compared to traditional FBP approaches ( Figure 5 ).
While many machines have automated dose reduction techniques available, these were not used during this study so we could systematically control kV and mAs for each scan.
Conclusion
This study demonstrates that while increased energy settings improve the visualization of certain anatomical structures, a threshold where increased radiation does not increase the acceptability of the scans occurs. Nearly a 50% reduction in radiation was possible while maintaining unanimous consensus among the evaluators that scans were suitable for surgery. This suggests that rhinologists should collaborate with radiologists
to maximize the quality of information while reducing radiation exposure for our patients.
Additionally, our study does not demonstrate an improvement in visualization using IR techniques. Further advances in computational image processing will hopefully allow lower doses of radiation with improved visualization in the future.
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